Mangrove ecosystem is one of coastal resources that have many benefits for coastal communities. The mangrove ecosystem has very high economic and ecological functions if it is developed and preserved properly. Nowadays, many mangrove ecosystems are threatened by human activities. It is necessary to preserve and develop the mangrove ecosystems to avoid the impact of human activity and to increase their usefulness. In the process of developing the mangrove ecosystems, detailed data are required to provide a comprehensive overview of the environmental and physical conditions of the mangrove ecosystems. The study aims at identifying and making the inventory of the existing condition of the mangrove ecosystems related to mangrove cover and biodiversity. The data are collected using aerial photography (UAVs), field observation and measurement. The data inventory making is the first step in the process of developing and preserving the mangrove ecosystems. It finds that the use of the UAVs for the mangrove ecosystem data inventory making can give high accuracy data. The mangrove cover can easily be identified using on screen digitization analysis. The width of the mangrove in Baros coastal area is 2.59 hectares, consisting of Rhizophora, Avicennia, Bruguiera, Nypa and Acanthus, which is situated on the north part of Opak river and in the riverbank of Old Winongo river. Finally, the UAVs can be a promising technology in managing and monitoring the mangrove ecosystems.
INTRODUCTION
Mangrove forest is tropical vegetation community consisting of various mangrove genus that can grow and develop in tidal areas of muddy coasts such as those of shallow bays, estuaries, deltas and protected coastal areas [1] . According to [2] , mangrove forest has location requirement for optimal growth and characteristics as follows: 1) not influenced by climate, 2) influenced by tidal current, 3) inundating sea water, 4) low coastal land, 5) lack of crown structure, 6) the tree genus including api-api (Avicennia), pedada (Sonneratia), bakau (Rhizophora), lacing (Bruguiera), nyirih (Xylocarpus), and nipah (Nypa).
Although the mangrove forest habitat is specific because it has optimal requirements and certain environmental characteristics, but each type of mangrove has its own ecology. Such condition causes the formation of various kinds of communities so that it can be conducted by zoning. The emergence of zoning phenomenon that occurs in mangrove forests is very closely related to several factors, including the soil type, the openness of mangrove areas from the waves, salinity and tidal influences [3] .
In addition to the aforementioned factors, the tidal current of sea water also influences the mangrove genus growing in certain area. Watson in [4] describes five inundation classes resulting from the correlation between the height of the tidal water inundation and the inundating period and the genus of the mangrove trees. The inundation classes are: 5. The coastal area inundated by exceptional or equinoctial tides in which the mangrove genus, Bruguiera, is found wellgrowing and occasionally associated with ferns, such as Acrostichum.
Mangrove plays important ecological and economic roles in supporting coastal area development. Followings are several physical usefulness and roles of the mangrove: flood control [4] , coastal erosion and abrasion control [5] , [6] , [7] the intrusion buffer (absorption) of sea water into shore, salt-loaded storm and wind buffer [5] , [6] , [8] , [9] , decreasing atmospheric carbon dioxide (CO 2 ) content (air pollution) [5] , [6] , [7] , [8] , [9] , tethering buffer of poisonous pollutants in coastal waters [7] , [8] , [9] and playing a role in island formation and stabilizing coastal area [5] , [9] . Some biological usefulness and roles of mangrove forest are among others: the living place of marine biota in which the biota find their shelter, look for foods, including spawning and parenting [5] , [7] , [8] , the food source for the genus living around the forest, and the living place of other various genus of animals [6] , [8] , [9] such as monkeys, crocodiles, and birds. Some economic usefulness and roles of mangrove forest are among others: recreation area and tourist object [5] , [6] , [7] , [8] , [9] , the source of firewood and construction lumbers [5] , [6] , [7] , [9] , producer of sea foods such as fishes, shrimps and crabs [7] , producer of herbal medicines [6] such as the leaves of Bruguiera as tumor inhibitor, as the place where the coastal people earn their livelihood as fishermen and aquaculture farmers [5] , [6] , [7] , [8] , [9] .
The existence of the mangrove forest in coastal area closely relates to other ecosystems that form broader and very complex ecosystem [10] . Mangrove forest interrelates to seagrass field, barrier reefs, sand and mud flats that are adjacently situated [6] . Thus, if degradation takes place to one of the ecosystems, the degradation will have significant impact on other ecosystems. UNEP [6] categorizes the threat and the causal factors of the loss of the mangrove forest among others into conversion to agricultural land or aquaculture, the development of coastal areas, exploitation, pollution, indirect hydrological interference and change, extreme weather and climate change. The increase in population causes pressure for mangrove forest. The exploitation of mangrove forest is not only conducted to the products of the forest, but also extends to the land use of the mangrove forest. Consequently, the excessive exploitation of the mangrove forest by human beings results in the serious degradation of the forest. Followings are some causal factors of the conversion of the mangrove forest that cause environmental problems [10]:
1. The economic pressure of the people living in the surrounding areas of the mangrove forest causes excessive exploitation of the forest by felling the mangrove trees for firewood, construction lumbers and charcoal that are sold in market to fulfill the urgent needs of their family.
2. The lack of knowledge of the people of the usefulness, the roles, and the functions of mangrove forest for the surrounding waters related to marine biota.
3. The desire to massively develop aquaculture land in the hope of getting profit without any sufficient knowledge in shrimp and fish breeding.
The domination of economic consideration over environmental consideration.
Also, mangrove ecosystem faces serious threat, especially the degradation resulting from both natural and human factors [11] . The mangrove ecosystem in Baros coastal area is situated in the lower stream of Opak River in South Java coastal area that directly disembogues into Indian Ocean. It has been known that South Java coastal areas are potentially destroyed by tsunami disaster because there is a subduction zone that stretches in the south part of the island. Additionally, flood often take place in the lower stream of the river that damage the mangrove trees in the edge of the mangrove forest, uproots the trees and brings them along with the torrential flow to the sea. The mangrove ecosystem in Baros coastal area is also vulnerable to change resulting from very massive human activity in developing aquaculture in the surrounding areas. Therefore, it is necessary to make an inventory of mangrove ecosystem information to preserve and to develop them and also to support sustainable management and monitoring.
It is necessary to plan and to invent of the detailed information of the mangrove for future sustainable management of the mangrove ecosystem. Therefore, easy and fast method must be used in measuring the mangrove. Aerial photographic mapping with UAVs integrated to on-field identification is one of promising methods in mangrove ecosystem inventory making, mapping and monitoring. UAVs represent a new approach in mapping, monitoring, and evaluation of environmental condition [12] . The technology of the UAVs is advantageous in rapid mapping an area with automatic operation, flexible and fast data acquisition process, unrestrained by weather condition, giving high resolution results (<10 cm), and relatively affordable [12] , [13] . The UAVs represent ideal and detailed observation method of an area [12] . The data resulting from the UAVs are then combined with geographic information system (GIS) for easy data analysis. The use of the UAVs grows rapidly in ecosystem study [14] . Up to the present the UAVs have been used in data inventory making, including types, canopy height, biomas, and canopy structure [15] . The UAVs is preferable because of their advantage of giving very good and high temporal and spatial resolution images. Additionally, the UAVs are able to give more detail spatial information than traditional survey method [16] .
The study focuses on Baros coastal area of the Special District of Yogyakarta because the area is undergoing rapid development of mangrove ecotourism. During the development of the tourist area, there has not been any monitoring activity to find out the ongoing mangrove ecosystem dynamics. The study aims at identifying and making an inventory of the existing cover condition and the genus diversity of mangrove using aerial photography, on-field measurement and observation. This research focuses on mapping mangroves vegetation with the study area around (<5 ha), so that it is appropriate to use UAVs as primary data for mangrove mapping and identification.
METHODOLOGY

Study Area
The study area is situated around Opak River Lagoon that administratively belongs to Tirtohargo village of Kretek Subdistrict of Bantul district. The location is selected because there is a phenomenon of mangrove ecosystem zones and also the on-going activities of the local people in managing ecosystem. Rapid development will be shown in the study location because of the sustainable and regular management of the ecosystem. The regional development is also observable in the opening of the operation of the Southern Highway Line (JJLS) and hence it is necessary to conduct a study of natural resources, especially mangrove ecosystem using UAVs in the effort to develop tourist destination of mangrove ecosystem ecotourism.
Data Acquisition
Aerial photograph is an image of earth surface resulting from recording process using aircraft equipped with camera sensor that serves as data source in regional analysis. The aerial images of very high spatial resolution can be acquired from aerial photographic recording using unmanned aerial vehicles (UAVs). The use of the vehicles aims at obtaining highly detailed and real time data.
The aerial photographic recording in the study is conducted using the UAVs of the type of DJI Inspire 1 Quadcopter (4 propellers) at the flying height of about 100 meters. The vehicles are used because they are suitable to the on-field condition with the coverage area that is not too wide. The type of the UAVs is optimally used in small area with the requirement of high stability. The wind velocity in the study area situated in coastal area tends to be high and the quadcopter drone is useful in the implementation of the on-field survey because it is able to stand the high velocity wind. The aerial photographs of the Baros mangrove area in the coastal area of Tirgohargo village were recorded September 5th, 2018. The data of the aerial photographs were directly acquired by the researchers on field.
The Designing of Flying Track and Ground Control Point (GCP)
The flying track is planned for efficient and systematic implementation of aerial photographic survey. It includes the flying tract and ground control point (GCP) spread that can change with the real on-field condition. The recording is conducted following the plan and the designed flying track that have been prepared in pre-field stage. The flying track is planned using Drone Deploy application in smartphone. The coverage area of the flying track depends on the battery life of the drone.
The preparation of the flying track is a process of planning the flying track of aircraft in doing aerial photography. The establishment of the width and the number of the flying tracks is adjusted to the area of the study and the objective of the aerial photography. It is necessary in the adaptation to consider several aspects such as flying height, sidelap, endlap, and the number of tracks, photography duration, and the planned number of photographs. The characteristics of the flying plan in the study are summarized in Table 1 and Figure 1 . It is necessary to measure the coordinates of the location of the GCP and ICP points that have been distributed using high accuracy Geodetic GPS. It is because the GCP is used to acquire small format aerial photographs for accurate coordinate, while the ICP point is used to examine the accuracy level of the aerial photographs. The establishment of the coordinate has significant impact on the success of the study because the resulting accuracy values will be used in the calculation of BIG-standardized tolerance scale. It is expected that the resulting aerial photographs are of the scale standard of 1:1,000.
The Geodetic GPS used in the study is Navcom. The method of establishing coordinates used in the Geodetic GPS is RTK-NTRIP. The RTK-NTRIP method is able to directly acquired real time kinematic coordinate information. Subsequently, the Internet connection used in the operation is Networked Transport of RTCM via Internet Protocol (NTRIP). The method is very useful because not only the coordinates are acquired from space satellite, but also they are corrected using referential points on earth's surface. Based on some on-field measurement, the coordinates of the intended location are fixed with the standard deviation of less than 1 millimeter.
Aerial Photograph Mosaic
The aerial photograph mosaic is a process of combining aerial photographs into orthophoto map covering all of the portraying areas. The mosaic process in the study is carried out using Structure from Motion (SfM) of the software Agisoft PhotoScan Professional v1.3.3. The method is applied to the aerial photographs based on camera moving direction. It has some sequences to follow, which are photo aligning, camera optimizing, dense cloud building, mesh building, and texture building.
The photo aligning stage is useful to combine separated aerial photographs into a unit of sparse cloud points. After that, the coordinates of the combined photographs can be established using the camera optimizing feature that the real coordinates of the photographs can be established. Subsequently, cloud point is determined using the dense cloud building feature that must be in turn interpolated to establish DSM with the mesh building feature. The resulting DSM is used to prepare orthophoto using the texture building feature.
Visual Interpretation
The interpretation of the aerial photographs aims at obtaining the data of: the types and the distribution of mangrove vegetation, the width of the mangrove vegetation, and the tourist facility in the surrounding areas of the mangrove ecosystem. The aerial photographs are used to give detailed identified information such as the use and the cover of the surrounding land of the mangrove ecosystem.
On-field Measurement and Observation
The observation is conducted to give in-depth and thorough observation results and then the results are documented for further analysis of the correlation among the existing phenomena. The objectives of the on-field observation are among others: to ground-check the interpretation results of the aerial photographs, to find out the genus of the fauna in the mangrove ecosystem, and to identify the types of the management of the mangrove ecosystem that has been being organized in the location of the study.
The on-field measurement is conducted to obtain the data of the physical parameters of the environment that supports the growth of the mangrove vegetation such as soil condition, water condition and tidal current. It is conducted by drawing the sample of the soil and the water in the location of the study in which the mangrove vegetation grows and in the planned location of the development area of the mangrove vegetation. The data may also be collected from government institutions or the prior studies in the same study area.
RESULTS AND DISCUSSION
The Aerial Photography of the Mangrove Ecosystem in Baros1 Coastal Area
The aerial photography is conducted using DJI Inspire. The number of the resulting photographs is 234 photographs. They have been selected on their quality and their sharpness. There are 6 ground control points for geometric correction and 4 independent control points to find out horizontal and vertical accuracies. The results of the calculation of the ICP points in orthomosaic and the DSM in Baros coastal area indicate that the horizontal accuracy is 0.127 m (Table 2 ) and the vertical accuracy is 0.497 m ( Table 3 ). Following BIG basic rules, the resulting aerial photographs of the mangrove ecosystem in Baros coastal area can be processed into spatial data at the scale output of 1:1,000 The resulting aerial photographs are then interpreted manually to classify mangrove objects and non-mangrove objects. It is because the study focuses on the mangrove so that it is not necessary to pay attention to other objects. The aerial photographs may be seen in Figure 2 . The identification results show that the aerial photographs can be used to differentiate the mangrove objects from non-mangrove objects very well. The calculation of the aerial photographs gives the width of the mangrove ecosystem cover in Baros coastal area, which is 2.59 hectares.
The problems during the acquisition of the mangrove data with aerial photography related to the weather in the location of the study. The uncertain weather condition results in the failure to fly the unmanned aerial vehicles because of the high velocity wind. Following the existing standard operational procedure of the unmanned aerial vehicles, the vehicles should be operated in safe manner and when the wind velocity is too high, the flying operation should be canceled. The problems related to the weather, especially the high velocity wind is essentially difficult to overcome. It is because the entire location of the study is situated in coastal area with high velocity wind. Therefore, the aerial photography is conducted in the morning because the lowest velocity of the wind takes place in the morning. However, in several survey occasions the wind velocity is constantly high since morning.
The Condition of the Mangrove in Baros Coastal Area
The mangrove ecosystem in Baros coastal area is well-maintained and the mangrove trees grow very well. The mangrove forest in the coastal area has huge potential for tourist destination in an ecotourism. The location of the area that is not too far from the city center of the Special District of Yogyakarta and its environment condition are the reasons why the study focuses on the location. It is more likely to focus on the development of the mangrove area of Baros coastal area as educational tourism and as the center of the activity of mangrove development in the Special District of Yogyakarta. Therefore, it is expected that there will be significant improvement in the maintenance and the development of the mangrove ecosystem.
The condition of the mangrove ecosystem in Baros coastal area is checked by considering several physical actual conditions of the ecosystem, including cover and genus identification. The identification of the mangrove condition is also conducted using literature study of prior studies. The resulting data are used as secondary data and compared to the onfield factual condition. Several prior referential studies as secondary data sources include the ones conducted by [17] , [18] , [19] . The mangrove vegetation in Baros coastal area is the result of cultivation that the distribution does not fit the natural mangrove zoning. Though the mangrove is the results of cultivation, there have been several mangrove vegetations that grow naturally and are able to adapt to the existing physical environment. In general, the results of the identification of the physical characteristics in the field are similar to the secondary data resulting from the literature study.
The results of the factual on-field identification of the mangrove genus are consistent with the data of the mangrove genus in the prior studies. The results of the on-field observation show that the mangrove ecosystem in Baros coastal area has two types, which are fringe mangrove and riverine mangrove. The fringe mangrove is situated north of Opak river, while the riverine mangrove is situated in the riverbank of old Winongo river. The mangrove vegetation in the fringe mangrove is dominated by the genus Rhizophora in addition to another genus such as Avicennia. The mangrove vegetation in the area is a result of new cultivation that it is still less than 2 meters of height. The other mangrove genus in the area include Rhizophora (1.46 ha), Avicennia (1.24 ha), Bruguiera (0.03 ha), and Nypa (0.02 ha) that have grown to 5 meters of height. The genus Acanthus is found growing in the riverine mangrove vegetation in smaller area. The map of mangrove genus is made by manual interpretation of the aerial photographs that are adjusted to on-field observation data. The mangroves classified into four genus have been described before. This map has not been tested for quantitative accuracy because the mapping process involves a field survey so that the map is considered to be in accordance with the conditions on the ground. The mangrove genus map may be seen in Figure 3 . There are many aspects to consider in the identification of the mangrove genus. The aspects include the association of each of the genus with the existing environmental physical condition, the textural characteristics of the aerial photographs, the heterogeneity level of the colony of each of the mangrove genus, and the results of on-field observation. Each of the aspects is analyzed and correlated to each other to give the mangrove genus map. The detailed spatial information of the mangrove ecosystem, especially the genus is ecologically and economically very important in supporting mangrove conservation and management in certain location. The main challenge in using the UAVs to identify and to make an inventory of the mangrove ecosystem is the flying height to make aerial photography. The flying height closely relates to spatial resolution magnitude and the ability of the aerial photography in extracting information. If the flying height is low, the resulting resolution is very detail, but the width of the coverage area is very small so that only little information is acquired. If the flying height is too high, the coverage area is very wide, but the resolution of the photographs decreases and it influences the possibility to identify necessary information. It is necessary to explore the flying height of the UAVs that ideal results are obtained, which are optimal spatial resolution to identify and to make an inventory of the characteristics of the mangrove ecosystem. Therefore, it is expected that the future use of the UAVs will continuously develop and progress significantly for the purpose of studies, the monitoring of the development of and the change in the mangrove ecosystem in Indonesia.
Considering the low awareness of the local people of the usefulness, the role and the function of the mangrove forest that causes environment degradation, it is necessary to conduct further study of the inventory making of the mangrove ecosystem condition to overcome the problem of the lack of data, the knowledge of the people and the decision makers. Some actions to make are among others to estimate the existing mangrove resource, to valuate the service of the mangrove ecosystem, to study the effectiveness of the management of the mangrove ecosystem, to understand the correlation between the mangrove ecosystem and human beings using social-economic approach, to study the adaptation of the mangrove to climate change, and to make use of long distance imaging data for mangrove study.
Considering with the objectives of sustainable development, restoring the damaged mangrove condition will help meet some of the objectives of the sustainable development. As described in the introduction if the mangrove ecosystem can be well-maintained, several objectives of sustainable development can be met [20] , such as increasing the income of local people by selling mangrove processed products (The Development Objective 
CONCLUSION
The study uses UAVs as an instrument in acquiring aerial photographic data to make an inventory of the information of the existing mangrove ecosystem integrated to on-field observation. It is necessary to pay a good attention to natural factors and other factors in analyzing the aerial photograph survey. The natural factors include wind direction and weather condition. Meanwhile, other factors include the safe flying area for drone following the existing civil aviation rules that are put in effect by government.
The results show that the integration of UAVs and the on-field observation is useful in acquiring the information of the existing mangrove ecosystem related to its cover width and its genus. The width of the mangrove in Baros coastal area is 2.59 hectares. The mangrove genus that are found in the field and can be spatialized are Rhizophora, Avicennia, Brugueira, Nypa and Acanthus. The identification results and the analysis of the condition of the existing mangrove ecosystem in Baros coastal area show that the area is very potential to rapidly develop into ecotourism and education tourism because it is supported by good infrastructure for easy access. Additionally, the surrounding areas of the riverbank of Progo River are also very potential for mangrove ecosystem development, but it is necessary to plan and to give special treatment in preserving the existing environmental condition and to support the growth and the development of the mangrove ecosystem. Therefore, the future use of the UAVs can result in significant development in the study of the mangrove ecosystem and in the monitoring of the development of and the change in the mangrove ecosystem.
